Tea is derived from the leaves and buds of Camellia sinensis (Theaceae) plant, and is consumed worldwide. Green tea was discovered in the People's Republic of China approximately 3,000 BC. Lu Yu (733-803) published a book that describes the history of tea, the techniques, and utensils used for manufacturing, the method of preparation, and drinking of tea in the People's Republic of China. Green tea contains various components with specific healthpromoting effects and is believed to exert protective effects against diseases such as cancer, obesity, diabetes, hepatitis, and neurodegenerative diseases. Of the various tea components, the polyphenol catechins have been the subject of extensive investigation. Among the catechins, (−)-epigallocatechin gallate has the strongest bioactivity in most cases. Caffeine induces alertness, decreases the sensation of fatigue, and has a diuretic effect. Theanine and γ-aminobutyric acid can lower the blood pressure and regulate brain function. Vitamin C exhibits antiscorbutic activity, prevents cataracts, and may boost the immune system. Majority of the scientific evidence based on cellular and animal experiments as well as a number of human epidemiological and intervention studies indicate that green tea and (−)-epigallocatechin gallate have beneficial health effects against various diseases. However, conflicting results have also been reported. Since confounding factors could affect the results, future studies should be designed to eliminate such factors for better understanding of the benefits of green tea on human health. Genetic and environmental factors such as race, sex, age, and lifestyle may also influence the results of human studies. Although care should be taken to avoid the consumption of green tea and supplements with very high catechin content, recent findings suggest that habitual drinking of green tea promotes longevity.
Tea, a product of the leaves and buds of Camellia sinensis (Theaceae) plant, is consumed worldwide. Tea can broadly be classified based on the production method as unfermented (green tea), half-fermented (oolong tea), fully fermented (black tea), or postfermented (pu-erh tea). Green tea was discovered in the People's Republic of China approximately 3,000 BC. In the Tang Dynasty era in the People's Republic of China, Lu Yu (733-803), who is generally acknowledged as the founder of tea culture, wrote a traditional book titled "The Classic of Tea" or "Tea Sutra". 1, 2 This book discussed the history of tea, the techniques, and the utensils used for manufacturing, as well as the method of preparation and drinking of tea in the People's Republic of China. Green tea was first brought to Japan, more than 1,000 years ago, from the People's Republic of China as a form of medicine. In 1211, the Japanese Zen monk Eisai wrote of the beneficial effects of
Isolation of green tea catechins: chemical and pharmacological properties Chemical structures of catechins
A typically brewed green tea beverage (eg, 2.5 g tea leaves in 250 mL of hot water) contains 240-320 mg of catechins, of which 60%-65% is EGCG. 1 Tsujimura reported the structures of epicatechin in 1929, epicatechin gallate in 1931, and epigallocatechin in 1934. 3 In 1948, Bradfield and Penny successfully determined the structure of EGCG. 3 It should be interesting to note that EGCG appears to be found only in the C. sinensis plant. 8 Biochemical properties of catechins Tea catechins are strong antioxidants and bind to proteins, lipids, nucleic acids, and metals. 1 Experiments using EGCG immobilized on agarose have shown that EGCG binds to serum proteins such as fibronectin, fibrinogen, histidine-rich glycoproteins, and the cell surface protein, Fas. 1, 5 Recently, EGCG was shown to bind strongly to the 67 kDa laminin receptor, 8 B-cell lymphoma 2 (Bcl-2) proteins, vimentin, and peptidyl prolyl cis/trans isomerase. Accordingly, these proteins have been proposed to be the targets of EGCG and are considered as mediators of its anticancer activity. 1, 5 Thus, EGCG possibly exhibits multiple biological effects by binding to these biomolecules.
Pharmacological properties of catechins
It was demonstrated that 60 minutes after a single oral administration of EGCG in rats (500 mg/kg body weight), the EGCG levels were 12.3 µM in the plasma, 48.4 nmol/g in the liver, 0.5 nmol/g in the brain, 565 nmol/g in the small intestinal mucosa, and 68.6 nmol/g in the colon mucosa. 9 Volunteers who ingested 1.5 g of decaffeinated green tea extract (GTE) containing 73 mg EGCG, 68 mg epigallocatechin, 22 mg epicatechin gallate, and 25 mg epicatechin per g, demonstrated peak plasma catechin levels within 1.5-2.5 hours, and the average peak plasma concentration of EGCG, epigallocatechin, and epicatechin was 0.71, 1.8, and 0.65 µM, respectively. 10 When the dosage was increased from 1.5 to 3.0 g, these values increased 2.7-to 3.4-fold.
Catechins can be degraded by microorganisms (in the intestinal tract) into various ring fission metabolites that can be found in human urine and plasma samples several hours after the ingestion of green tea. 1
Cell-based and animal experiments to determine the health benefits of catechins Cancer
Most cell-and animal-based experiments have demonstrated the anticancer effects of green tea and EGCG. 1, [4] [5] [6] [7] [8] The major compound contributing to the anticancer effect of green tea is believed to be EGCG. The predominantly Botanics: Targets and Therapy downloaded from https://www.dovepress.com/ by 54.70.40.11 on 11-Dec-2018 For personal use only.
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Green tea catechins for well-being and therapy proposed mechanism for the anticancer activity of the leading candidates is apoptosis. Apoptosis is a programmed physiological cell death mechanism to eliminate unnecessary cells. The induction of apoptosis in cancer cells inhibits the development of cancer. Therefore, several anticancer drugs induce apoptosis in cancer cells. 5 Hibasami et al 11 were the first to demonstrate that catechins induced apoptosis in cancer cells. It was shown that green tea catechins significantly inhibited cancer development, increased survival rates, and induced apoptosis in an animal model that spontaneously develops metastatic prostate cancer. 12 EGCG has been shown to induce apoptosis by binding to Fas in cultured human leukemia cells. 5 This binding activates the caspase 8 protease, which in turn activates a caspasedependent deoxyribonuclease that degrades DNA, thereby leading to cell death. Tachibana 8 reported that the 67 kDa laminin receptor was involved in EGCG-induced apoptosis. EGCG has a stronger apoptosis-inducing effect on cancer cells than that on normal cells. 5, 7 The involvement of micro RNAs (miRNAs) in EGCGinduced apoptosis has recently been proposed. miRNAs are single-stranded RNAs of 20-25 nucleotides. EGCG was found to induce apoptosis in hepatoma cells by upregulating miR-16, which led to the downregulation of the antiapoptotic protein Bcl-2. 13 Epigenetic regulation by EGCG may be involved in various mechanisms, including apoptosis, which has been comprehensively reviewed by Pan et al. 14 There are several other mechanisms by which catechins and other tea components exhibit anticancer activity. These include antioxidative effects, inhibition of cell cycle progression, inhibition of nuclear factor κ B, activation of the mitogen-activated protein kinase cascade, and epigenetic modifications. 4, 5, 7, 14 EGCG-enriched catechins and green tea infusion have been shown to inhibit metastasis possibly by inhibiting the metalloproteinase activity. 5 It was shown that oral administration of green tea catechins resulted in almost complete inhibition of distant site metastases of prostate cancer cells. 12 
Diabetes
Studies using cultured cells and laboratory animals have demonstrated the antidiabetic activity of green tea and catechins. They exert antidiabetic activity by inhibiting the α-amylase and α-glucosidase activity, inhibiting glucose absorption in the small intestine, protecting the pancreatic β cells, improving insulin sensitivity of peripheral organs, and inhibiting gluconeogenesis (ie, glucose production from noncarbohydrates such as amino acids in the liver). 15 Because α-amylase and α-glucosidase are necessary to produce glucose from dietary carbohydrates such as starch, inhibition of these enzymes contributes to the prevention and suppression of diabetes by impeding the rise in blood sugar levels. 15 Similarly, the inhibition of glucose absorption in the small intestine also suppresses the increase in blood sugar levels. 15 Improvements in insulin sensitivity result in the rapid suppression of blood glucose levels (which increase after meals) by promoting glucose uptake by peripheral tissues. When ingredients from green tea were added to cultured fat cells, they exhibited insulin-like activity in terms of the increase in glucose uptake. 7 EGCG is the major ingredient exhibiting this activity in green tea.
Insulin-secreting pancreatic β cells can be injured by diabetes-associated factors, and EGCG is known to protect against this cellular damage. 7, 15 The daily intake of green tea possibly exerts a protective effect against diabetes. This was demonstrated by the observed suppression of the rise of blood sugar levels in diabetic rats with drug-destroyed pancreatic β cells receiving EGCG for 8 weeks, compared to that of the control rats. 15 An increasing number of reports describe inhibitory effects of EGCG on gluconeogenesis. In cultured hepatocytes and hepatoma cells, EGCG demonstrated insulin-like activity by suppressing the gene expression of certain enzymes such as gluconeogenic enzymes, glucose-6-phosphatase, and phosphoenolpyruvate carboxykinase 16, 17 (Figure 2) .
Animal experiments demonstrated similar results. 5,15 One possible mechanism is that tea catechins, including EGCG, may suppress the expression of the transcription factor, hepatocyte nuclear factor 4α 18 (Figure 2 ), which in turn leads to decreased expression of these gluconeogenic enzymes and reduced enzymatic activity, resulting in diminished glucose production. 16, 18 
Metabolic syndrome and related diseases
Previous studies have shown that green tea and tea catechins have antiobesity properties. 4, 5 Tea catechins can reduce body fat by preferentially enhancing the utilization of fat as an energy source. This was demonstrated in animal experiments, which revealed that catechin diet enhanced hepatic gene expression of enzymes involved in β-oxidation. 19 Tea catechins inhibit cell growth by suppressing lipogenesis in human MCF-7 breast cancer cells by downregulating fatty acid synthase (Fasn) gene expression and stimulating 20 It has been postulated based on experimental findings that downregulation of EGFR/PI3K/Akt/Sp-1 signaling pathways could be the underlying molecular mechanism for Fasn gene suppression by tea polyphenols. Moreover, administration of green tea leaves significantly decreased hepatic Fasn mRNA and protein levels in an animal study. 21 A catechin-free fraction of green tea was also shown to reduce the hepatic gene expression of lipogenic enzymes, including Fasn, in mice. 5 This fraction also reduced the gene expression of sterol regulatory element-binding transcription factor (Srebf)1 and Srebf2, which suggests that the reduction in the activity of these transcription factors contributes to the downregulation of lipogenic enzymes. 5 These findings indicate that, in addition to EGCG, green tea contains previously unknown components that can prevent obesity and arteriosclerosis.
In addition, several studies suggested that inhibition of pancreatic lipase possibly plays a role in the antiobesity effect of tea components. For example, EGCG was shown to inhibit pancreatic lipase in a noncompetitive manner with respect to the substrate concentration. 22 Epicatechin gallate also exhibited a similar inhibitory activity. 23 
Liver diseases
In a galactosamine-induced hepatitis model, rats that consumed a green tea beverage showed reduced hepatic gene and blood protein expression of proinflammatory cytokines such as tumor necrosis factor-α and interleukin-1β 5, 24 (Table 1) . Consistent with this finding, histochemical observations revealed that the degree of hepatic injury was suppressed by green tea in the galactosamine-treated group. 24 Suppression of these factors may also be involved in the mechanism by which green tea and catechins exhibit their preventive effect on other diseases including cancer and neurodegenerative diseases.
In a similar experiment in which the chronic effects of green tea were examined, green tea effectively prevented the progression of hepatitis to liver fibrosis. Ingestion of green tea reduced the gene expression of fibrosis-promoting factors, collagen, and transforming growth factor-β. 5 Several other animal studies also demonstrated that green tea and EGCG were effective in preventing hepatitis induced by various drugs. 25 EGCG has very strong antioxidant activity; therefore, it is possible that the hepatitis-preventive and relieving actions of catechins are the result of such strong antioxidant activity. 26 Thus, green tea intake is expected to prevent the development of hepatitis and cirrhosis.
Neurodegenerative diseases
The accumulation of amyloid-β and τ protein aggregates is a pathological hallmark of Alzheimer's disease. 27, 28 EGCG has been shown to reduce the aggregation of Aβ proteins in an Alzheimer's disease mouse model. EGCG suppressed the production of amyloid-β proteins by activating the α-secretase pathway, leading to the normal metabolism of the amyloid precursor protein. 29 EGCG also prevented the aggregation of τ proteins into toxic oligomers. 28 A number of studies on EGCG demonstrated its beneficial effects on cognition and memory. In a streptozotocin-induced model of dementia, it was shown that cognitive deficit, S100B 
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Green tea catechins for well-being and therapy protein content and secretion, acetylcholine esterase activity, glutathione peroxidase activity, nitric oxide metabolites, and reactive oxygen species production were completely reversed by the administration of EGCG. 30 EGCG rescued cognitive deficits in Down syndrome mouse models. 31 The high prevalence of dementia in aged individuals suggests that aging is the most important risk factor and that senescence further enhances dementia. SAMP10, a mouse model of age-related neurodegeneration is suitable for studying brain senescence because brain atrophy and cognitive dysfunction are observed with aging. Also, reactive oxygen species production and oxidative damage are high in the brains of aged SAMP10 mice. In this model, catechins were found to prevent brain atrophy and cognitive dysfunction 32 (Figure 3 ). In addition, psychosocially and chronically stressed mice exhibited a shorter life span and accelerated cognitive dysfunction. These deficiencies were prevented by ingestion of theanine. 33
Evidence from epidemiological studies Cancer
Epidemiological studies demonstrated that green tea and tea catechins exert preventive effects against various cancers. However, other studies failed to demonstrate such effects. Of the 127 case-control studies and 90 cohort studies published between 1965 and 2008, 51 case-control and 19 cohort studies showed an inverse association between green/black tea consumption and the risk for various types of cancer, including colon, lung, stomach, breast, prostate, ovarian, pancreatic, kidney, and bladder cancers. 4 
1,500
Control ( More recent results were discussed comprehensively by Yuan 6 and the selected ones are shown in Table 2 .
In addition, several studies on other types of cancer have been reported. A 9-year follow-up study with 41,761 Japanese adults aged 40-79 years showed that green tea intake of $5 cups/d reduced the risk of hematological malignancies. 34 A significant inverse association between green tea consumption and the risk of endometrial endometrioid adenocarcinoma has also been reported. 35 A case-control study found that green tea intake ($500 mL/d) was associated with a decreased risk of clear cell renal cell carcinoma. 36 In a large-scale, population-based case-control study in urban Shanghai, it was demonstrated that regular green tea consumption was associated with a reduction in the risk for pancreatic cancer in women. 37 Drinking low-temperature green tea led to reduced risk of this cancer in both men and women, suggesting that the temperature of the tea is an important factor for such an effect. 37 The results of a prospective cohort study with 100,507 individuals aged 40-69 years indicated that high green tea consumption may be positively associated with premenopausal thyroid cancer risk, but inversely associated with postmenopausal thyroid cancer risk. 38 Diabetes Several epidemiological studies have described the antidiabetic effects of green tea. Iso et al 39 conducted a large cohort study and found that consumption of green tea, coffee, and total caffeine was associated with reduced risk of type 2 diabetes. The results of a case-control study conducted in the People's Republic of China with 4,800 subjects indicated that the consumption of green tea possibly protects against the development of type 2 diabetes, particularly in those who drink 16-30 cups/wk. 40 A meta-analysis performed on 12 eligible studies found that daily tea consumption ($3 cups/d) was associated with a lower risk of type 2 diabetes, with a relative risk of 0.84 compared with that of the lowest consumption and non-tea-drinking groups. 41 A study on beverage consumption in 25,639 adults in the UK found that the consumption of sugar-sweetened beverages was associated with high risk of type 2 diabetes, independent of adiposity. 42 The study suggested that water or unsweetened tea/ coffee appear to be suitable alternatives to prevent diabetes.
However, several studies failed to identify a correlation between diabetes risk reduction and green tea consumption. green tea or GTE on insulin sensitivity and glycemic control in populations that are at a risk of developing type 2 diabetes.
Metabolic syndrome and related diseases
An improvement in body weight, body mass index (BMI), body fat, waist circumference, blood pressure, triglycerides, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, blood glucose concentration, and hemoglobin A 1c all prevent the development of metabolic syndrome. Only a few epidemiological studies have examined the beneficial effects of green tea consumption on metabolic syndrome or its components. In a cross-sectional study among Singaporean Chinese residents aged $40 years, it was shown that drinking at least 150 mL/wk green tea was associated with a low risk of hypertension, with an odds ratio of 0.63. 44 In contrast, several studies have found no association. For example, a cross-sectional study of 630 middle-aged Japanese men and 370 women found that green tea was not associated with serum lipid levels. 45 A study on 1,902 Japanese men and women aged $40 years demonstrated no correlation between green tea intake and metabolic syndrome, because green tea consumption did not influence blood pressure, abdominal circumference, fasting plasma glucose, or lipid indices. 46 In addition, a Japanese cohort study of 554 adults in Tokushima, Japan, reported similar findings. 47
Liver diseases
For liver cancer, several epidemiological studies showed preventive effects of green tea as previously discussed. In addition, some studies have investigated the impact of green tea on other liver diseases. A systematic review conducted in 2008 concluded that increased consumption of green tea may reduce the risk of liver disease. 48 Imai and Nakachi 49 conducted a study over a period of 4 years, from 1986 to 1990, on Japanese individuals aged $40 years and demonstrated that intake of green tea was associated with a decrease in liver disease incidence in 1,371 men. 
Neurodegenerative diseases
Several epidemiological studies have suggested that tea drinking may improve cognitive function. A meta-analysis covering eleven case-control and one cohort study concluded that tea consumption could protect against Parkinson's disease, especially in the Chinese populations. 1 A recent metaanalysis also supported the conclusion that tea drinking can lower the risk of Parkinson's disease. 1 Tea drinking was also associated with lowering the risk of depressive symptoms and psychological distress. 1 Analysis of cross-sectional data from a study conducted in 2002 indicated that the odds ratio for the effect of green tea consumption at $2 cups/d on cognitive impairment was 0.46 compared to the consumption of 3 cups or less/wk. 51 Similarly, a recent population-based prospective study of Japanese individuals aged .60 years found that the multipleadjusted odds ratio for the incidence of overall cognitive decline was 0.32 among individuals who consumed green tea every day and 0.47 among those who consumed green tea 1-6 d/wk, compared with the subjects who did not consume green tea. 52 Several studies indicated that theanine relieved anxiety symptoms in patients with schizophrenic and schizoaffective disorders and that a combination of GTE and theanine improved memory and attention in subjects with mild cognitive impairments. 1 
Confounding factors
While a number of epidemiological studies provided evidence of reduced risk for diseases such as cancer, diabetes, and metabolic syndrome by drinking green tea, other studies have reported contrary effects. For example, Hou et al 53 reviewed ten case-control studies and seven cohort studies published between 1988 and 2010 to examine the association between green tea consumption and reduced risk of stomach cancer. Their analysis showed that seven studies suggested no association, eight an inverse association, and one a positive association, indicating that currently there is insufficient information to conclusively support the inhibitory effects of green tea on stomach cancer. An example for a metabolic syndrome study is that of Takami et al 47 who found that green tea consumption was not associated with the prevalence of metabolic syndrome or any of its components.
These inconsistent results may have resulted from several confounding factors, including the methods of quantifying tea consumption, tea temperature, cigarette smoking, and alcohol consumption. For example, among nonsmoking women, regular tea drinkers had a 35% reduction in lung cancer risk compared with those who did not drink tea, but no association was found between green tea intake and lung cancer risk among smokers. 6 Similarly, a recent study revealed an elevated risk of lung cancer in smokers. 54 Gastrointestinal dysbiosis, an alteration of the gut bacteria, is associated with conditions such as cancer, metabolic syndrome, diabetes, and liver disease. Since green tea catechins can change intestinal microbiota, 55 differential effects may result in different epidemiological outcomes. Genetic polymorphisms may also influence the effects of tea consumption on disease risk. 1, 6, 54 
Evidence from clinical trials and prospects for therapy Cancer
In a clinical experiment in which 42 patients were divided into four groups to receive either 500, 750, or 1,000 mg/m 2 GTE/d or placebo, the favorable response rates were 58% in patients who were given 750 or 1,000 mg/m 2 GTE and 36.4% in those who were given 500 mg/m 2 , but was only 18.2% in those assigned to the placebo arm. 6 These results emphasize the benefit of GTE against the progression of precancerous lesions in the oral cavity toward malignant transformation.
In a study conducted in Italy, 30 men with high-grade prostate intraepithelial neoplasms were given 600 mg of green tea catechins daily for 12 months. As a result, only one patient was found to have developed prostate cancer, compared with nine of the 30 patients in the placebo group. 6 This chemopreventive effect was also demonstrated 2 years later. 6 In a clinical study in which 71 patients were administered 1.5 g GTE/d for 12 months with 65 control patients, the results of follow-up colonoscopy demonstrated that the incidence of metachronous adenomas was 31% (20 of 65) in the control group and 15% (nine of 60) in the GTE group. 56 Thus, GTE appears useful for the chemoprevention of metachronous colorectal adenomas.
The standardized green tea polyphenol preparation Polyphenon E ® (Mitsui Norin Co, Ltd, Shizuoka, Japan) or sinecatechins has been subjected to several clinical trials 57 and has been approved for the treatment of genital warts by the US Food and Drug Administration (FDA). 58 
92
Miyoshi et al the efficacy and safety of Polyphenon E 15% ointment in the treatment of external anogenital warts. 59 Protective effects of Polyphenon E on human cervical lesions have also been demonstrated. 60 In another study, an oral 2,000 mg dose of Polyphenon E taken twice daily for up to 6 months was well tolerated by patients with chronic lymphocytic leukemia. 61 Durable declines in the absolute lymphocyte count and/or lymphadenopathy were observed in majority of the patients. These results should incite future studies on the usefulness of green tea catechins as an anticancer agent.
Diabetes
A number of intervention studies have described the antidiabetic effect of green tea. A randomized controlled trial conducted on 53 male and 13 female type 2 diabetes patients in Shizuoka, Japan, showed that daily ingestion of GTE containing 544 mg catechins for 2 months caused significant reductions in hemoglobin A 1c levels and diastolic blood pressure. However, no significant difference was observed in several other parameters. 62 Similarly, a 2-month intervention study on 60 patients with mild hyperglycemia showed that the daily ingestion of GTE resulted in decreased levels of hemoglobin A 1c , but not other biomarkers, such as fasting serum glucose level, after the cross-validation test. 63 The results of an intervention study with Japanese type 2 diabetes patients showed that the increase in insulin was significantly greater in the catechin group than in the control group, although no apparent difference was noted between the two groups in blood levels of glucose and hemoglobin A 1c . 64 In a randomized, double-blind, placebo-controlled trial performed with 92 Taiwanese individuals, the ingestion of 500 mg GTE three times a day for 16 weeks, resulted in amelioration of the expression levels of an insulin-resistance marker and the secretion of glucagon-like peptide-1 in type 2 diabetes patients, suggesting favorable effects of GTE on diabetes. 65 Mozaffari-Khosravi et al 66 conducted a randomized clinical trial in 100 mildly hypertensive patients with diabetes and showed that type 2 diabetic individuals who consumed three glasses of green tea daily for 4 weeks had significant decrease in systolic and diastolic blood pressure. Venables et al 67 showed that the acute ingestion of GTE increased fat oxidation during moderate intensity exercise and improved insulin sensitivity and glucose tolerance in healthy young men. A double-blind randomized intervention study on nondiabetic overweight or obese male subjects in the UK found that twice daily ingestion of 400 mg EGCG for 8 weeks resulted in reduced diastolic blood pressure. 68 However, no significant effects on glucose tolerance, insulin sensitivity, and insulin secretion were observed. 68 On the other hand, several intervention studies found no beneficial effects of green tea on diabetes. A double-blind, placebo-controlled, randomized multiple-dose (0, 350, or 750 mg catechins and theaflavins for 3 months) study conducted in the USA demonstrated no effects on the level of hemoglobin A 1c in patients with a medical history of diabetes of more than 6 months. 69 A crossover randomized control trial without blinding on 14 healthy volunteers of 22-35 years of age in southern Sweden showed that there was no glucose or insulin-lowering effects after consumption of 300 mL of green tea or water. 70 A meta-analysis of randomized controlled trials found that the consumption of green tea did not decrease the levels of fasting plasma glucose, fasting serum insulin, hemoglobin A 1c , or the insulin resistance index in populations at risk of type 2 diabetes. 71 Thus, clinical trials in humans on the effects of green tea have demonstrated conflicting results. This could be due to differences in genetic and environmental factors such as race, sex, age, and lifestyle, as well as differences in the ingredients, concentrations, drinking frequency, and drinking period of tea. Therefore, it is necessary to clarify the antidiabetic effects of green tea by taking these factors into account in future studies.
Metabolic syndrome and related diseases
A number of clinical intervention studies have shown the fat-suppressing effects of green tea and green tea catechins. 4, 5 Basu et al 72 demonstrated in a study conducted in the USA that body weight and blood lipid oxidation index were decreased in patients with metabolic syndrome following consumption of green tea and green tea catechins for 8 weeks. In a study of 45 elderly patients with metabolic syndrome, 24 patients consuming three cups of green tea brewed from 1 g tea bags/d for 60 days showed a reduction in BMI and waist circumference. 73 Nagao et al 64 demonstrated that the continuous ingestion of green tea rich in catechins led to a reduction in body fat, systolic blood pressure, and lowdensity lipoprotein cholesterol. Tea catechins may reduce body fat by preferentially enhancing the utilization of fat as an energy source since animal studies revealed that the catechin diet enhanced hepatic gene expression of enzymes involved in β-oxidation. 19 An intervention study of 195 male and female subjects aged 20-65 years with a high BMI indicative of obesity revealed that subjects with high catechin intake had lower body weight, BMI, abdominal circumference, total abdominal Botanics: Targets and Therapy 2015:5 submit your manuscript | www.dovepress.com
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Green tea catechins for well-being and therapy fat area, and visceral fat area values after 12 weeks than those of the placebo group. 4, 5 In contrast, a randomized, double-blind, placebocontrolled study with 83 obese premenopausal women demonstrated that dietary supplementation with 300 mg/d of EGCG for 12 weeks did not enhance energy-restricted diet-induced adiposity reductions, and did not improve weight-loss-induced changes in cardiometabolic risk factors. 74 
Liver diseases
A clinical trial was conducted on nine cases of intractable chronic hepatitis C with a very high viral load of more than 850 kIU/mL, in which patients received a combination therapy regimen of 6 g of green tea powder/d and interferon/ ribavirin. The green tea therapy was 3.5 times more effective than treatment without green tea. 7, 75 These results warrant further study on the clinical use of green tea and GTE.
A randomized, placebo-controlled, Phase IIa clinical trial demonstrated a protective role of green tea catechins in liver damage induced by hepatitis B virus (HBV). 76 Individuals seropositive for the HBV antigen and aflatoxin-albumin adducts were randomly assigned to a 500 mg catechins/d group, a 1,000 mg group, or a placebo group. After 3 months, these catechin groups showed significantly decreased urinary concentrations of 8-hydroxy-deoxyguanosine compared with that of the placebo group. These results suggest that green tea catechins are effective in reducing oxidative DNA damage, which could lead to hepatitis development and liver cancer in patients with HBV infection.
Neurodegenerative diseases
In a pilot study which included two men and ten women (mean age: 88 years), consumption of green tea powder at 2 g/d for 3 months was shown to be effective in improving cognitive function or reducing the progression of cognitive dysfunction. 77 The excessive burden of oxidative stress may be related to aging and neurodegenerative diseases, and green tea may improve this stress. 1 Consumption of theanine induced higher frequencies of α-waves as shown by electroencephalographic measurement. 78 γ-Aminobutyric acid was shown to affect the activity of the central nervous system during stress conditions induced by mental tasks. Oral intake of γ-aminobutyric acid diminished the stress-induced decrease in frequency of αand β-band brain waves compared with the placebo. 79 In addition, green tea intake may cause an increase of θ-wave frequency, suggesting its role in cognitive function, specifically alertness and attention. 80 
Confounding factors
Several intervention studies have found beneficial effects of green tea and catechins on human diseases, but others have failed to find such effects. The inconsistency may be due to incomplete adjustments of confounding factors as described.
Possible deleterious effects
Mazzanti et al 81 reported that consumption of a green tea supplement was associated with liver damage. Patel et al 82 presented a case of acute impending liver failure in a male using a weight loss product containing GTE. The problems associated with EGCG-triggered hepatotoxicity have been discussed in detail. 83 Therefore, the intake of green tea and supplements with very high catechin concentrations should be taken with caution or avoided.
In addition, Shirai et al 84 reported that 21 cases of asthma that were attributable to green tea. Hypersensitivity pneumonitis was reported in a 51-year-old man who underwent tea catechin inhalation therapy for 1 month and tuberculosis treatment for 3.5 months. 85
Prospects and opportunities
There are several possible beneficial health effects of green tea other than those described here, including effects on bone health, dental health, allergies, the common cold, and influenza. 4, 5, 7 Future studies will provide a more detailed information on these issues.
Clinical trials on the catechin-based drug approved by FDA for cancer therapy as described are in progress, 57 and the results may promote their use for diseases other than cancer.
Several limitations of green tea application in health promotion that include low bioavailability and low stability may be solved by ongoing and future studies. Development in drug delivery system may help to increase the bio availability. Several basic studies have suggested that the effect of EGCG may be enhanced by other agents. For example, a combination of EGCG and nonsteroidal anti-inflammatory drug sulindac was proven to be useful in reducing the degree of azoxymethane-induced precancerous lesions in rat colon. 5 Thus, future studies may discover the effective combination of green tea components and various chemicals. We may also expect the usefulness of chemical modifications of tea components. For example, acylated EGCG was shown to have a higher anticancer effect than EGCG. 86 A recent large-scale epidemiological research study on 90,914 Japanese individuals between 1990 and 1994, with 18.7-year follow-up, found that green tea was inversely Botanics: Targets and Therapy 2015:5 submit your manuscript | www.dovepress.com
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Miyoshi et al associated with mortality from heart disease in both men and women and mortality from cerebrovascular disease and respiratory disease in men. 87 This study also revealed that the consumption of green tea reduced the risk of mortality from all causes. As previously mentioned, daily consumption of 2 cups/d or even 6 cups/wk of green tea appears to be effective for the prevention of cognitive defects. Therefore, it might be worthwhile to drink several cups of green tea every day for improved health and longevity.
Conclusion
Green tea contains various components with specific healthpromoting effects and is believed to have protective effects against diseases such as cancer, obesity, diabetes, hepatitis, and neurodegenerative diseases. Majority of scientific evidence based on cellular and animal experiments as well as a number of human epidemiological and intervention studies indicate that green tea and EGCG have beneficial health effects against various diseases. However, conflicting results have also been reported. Since confounding factors could affect the results, future studies should eliminate such factors to better understand the benefits of green tea for human health. Genetic and environmental factors such as race, sex, age, lifestyle, and intestinal microbiota may also influence the results observed in human studies. Although care should be taken not to ingest green tea and supplements with a very high catechin content, recent findings suggest that habitual drinking of green tea promotes longevity.
